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SUMMARY

An investigationhas been conductedin the LangleyV/STOL tunnel to deter-
mine the influenceof ground proximityon the aerodynamiccharacteristicsof a
low-aspect-ratiohighly swept arrow-wingconfiguration. The tests were con-
ducted using a moving-beltground plane to simulateground heightsvarying from
0.1 to 1.0 wing span.

The experimentalresultsshowed that as the height above the ground
decreases,the configurationexperiencessubstantialincreasesin lift and
reductionsin induceddrag. Althougha significantpercentageof these ground-
inducedperformanceimprovementsare lost due to trim requirements,the net
performanceimprovementremainsquite £avorable. The tests also showed that
decreasingground height results in a marked increasein the tail downwash
factor (I - 8£/8_) and thereforeresultsin a substantialincreasein the
horizontal-tailcontributionto longitudinalstability.

/

Comparisonof the experimentalresultswith resultspredictedby a planar
vortex-latticetheoreticalmodel shows that the theoreticalmodel provides a
good estimateof the ground-inducedeffect on lift, drag, and longitudinalsta-
bility for the wing-bodycombination. However,the theoreticalmodel, which
is restrictedto a planar fuselageand planar wake representation,does not ade-
quatelypredict either the zero-liftpitchingmoment or the horizontal-tail
downwash characteristics.

INTRODUCTION

The NationalAeronauticsand Space Administrationis currentlyinvestigat-
ing the aerodynamiccharacteristicsof advancedaircraftconceptscapableof
cruising efficientlyat supersonicspeeds. In order to achieve the desired
high levelsof supersoniccruise efficiency,these conceptualdesigns typically
incorporatea low-aspect-ratiohighly swept arrow wing. (See, for example,
ref. 1.) The desire for long-rangecapabilityand/or high payloadcapacity
necessitatesa relativelyhigh wing loadingwhich, when coupledwith the rela-
tively low lift-curveslope, requiresthat low-speedflight (forexample, take-
off and landing)utilizeangles of attack on the order of 8° to 12°. Although
these anglesof attackwould not be consideredexcessivefor conventional
designs intendedfor subsoniccruise conditions,past experience (ref. 2) has
shown that even in this moderate angle-of-attackrange, low-aspect-ratiohighly
swept wings may exhibita markedly three-dimensionalviscous flow field with
pronouncedleading-edgeseparation. Previouslow-speedstudiesof the particu-
lar conceptualdesign tested herein (see, for example, refs. 2 and 3) have
shown that deflectingleading-edgeflaps may reduce the problemof leading-edge
separationand therebyprovidesubstantialimprovementsin low-speedperfor-
mance, stability,and control.



The present study was undertaken to complement the previous low-speed study

of reference 2 by experimentally determining the influence of ground proximity

(simulating the initial take-off and final-approach conditions) on the aerody-

namic characteristics of the configuration. The study was also intended to

determine the degree of correlation between the experimental results and results

predicted by the planar vortex-lattice theory of reference 4.

Tests were conducted in the Langley V/STOL tunnel using the moving-belt

ground plane to simulate ground heights varying from 0.] to ].0 wing span. The

tests were conducted over an angle-of-attack range of -2° to 12° at a Reynolds
number (based on the reference mean aerodynamic chord) of about 2.0 x 10 6.

SYMBOLS

The longitudinaldata are referredto the stabilitysystemof axes as
illustratedin figure I. The moment referencecenter for the tests was located
at 59.16 percentof the referencemean aerodynamicchord. (See fig. 2.) The
referencewing area and chord are based on the wing planformwhich resultsfrom
extendingthe inboard (74° swept) leadingedge and the outboard (41.457° swept)
trailingedge to the model center line.

The dimensionalquantitiesherein are given in both the International
Systemof Units (SI)and the U.S. CustomaryUnits. Measurementswere made in
U.S. CustomaryUnits.

b wing span, m (ft)

bt span of horizontaltail, m (ft)

Drag
CD drag coefficient,

qSref

CD,i induceddrag coefficient

Lift
CL lift coefficient,

qSref

Pitchingmoment
Cm pitching-momentcoefficient, m

qSrefC

Cm,o pitching-momentcoefficientat CL = 0

Cm,t contributionof horizontaltail to pitching-momentcoefficient

(Cm_)t contributionof horizontaltail to Cm_



Thrust

CT thrust coefficient,
qSref

c local wing chord at span station y, m (ft)

reference wing mean aerodynamic chord, m (ft)

ct mean aerodynamic chord of horizontal tail, m (ft)

h height of moment reference center above ground plane, m (ft)

hn neutral point, expressed as percentage of

ht horizontal-tail height at 0.25c t above ground plane, m (ft)

it horizontal-tail incidence, positive when leading edge is up, deg

£t horizontal-tail length (distance from moment reference center to

0.25ct), m (ft)

q free-stream dynamic pressure, Pa (ibf/ft 2)

qt dynamic pressure at horizontal-tail location, Pa (ibf/ft 2)

Sre f reference wing area, m2 (ft2)

St horizontal-tail area, m 2 (ft2)

T/W ratio of engine thrust to aircraft weight

Vd vertical descent rate, m/sec (ft/sec)

Vd, _ vertical descent rate for h/b = _, m/sec (ft/sec)

x,y,z body axis coordinates

angle of attack, deg

y flight-path angle, positive for flight path inclined above horizon,

deg

_f trailing-edge flap deflection, expressed as _tl/_t3/_t5, deg

_Ze leading-edge flap deflection, measured perpendicular to hinge line,
positive when leading edge is down, deg (see fig. 2)

_t1,_t3,_t5 deflection of trailing-edge flap segments tl, t3, and t5 mea-
sured perpendicular to respective hinge lines, positive when

trailing edge is down, deg (see fig. 2)



E downwash at horizontal tail, deg

P density, kg/m 3 (slugs/ft 3)

@ inclination of X-axis relative to horizon, positive when above

horizon, deg

Derivatives:

CL_ = 8CL/_e

(CLe> t = 8CL, t/8_t

Cm_ = 8Cm/Se

Cmi t = _Cm/_i t

Model component designations:

H horizontal tail

LI,L2, L3,L 4 wing leading-edge flap segments (see fig. 2)

tl,t3, t5, t6 wing trailing-edge flap segments (see fig. 2)

V center-line vertical tail

WB wing-body combination (includes outboard vertical fins and flow-

through nacelles)

MODEL

The dimensional characteristics of the model used in the present study are

listed in table I and shown in figure 2. The model was constructed to conform

with the cruise geometry as defined in reference 5. The model also incorpo-
rated leading- and trailing-edge flaps as defined in reference 2 and shown in

figure 2. Inasmuch as the model is also intended to explore propulsion-induced

effects in subsequent studies, the model nacelles included engine simulators

consisting of tip-driven fans. (For the present study these fans were unpowered

and were allowed to windmill freely.) A photograph of the model mounted for

tests in the Langley V/STOL tunnel is presented in figure 3.

TESTS AND CORRECTIONS

Static force tests were conductedin the LangleyV/STOL tunnel using the
moving-beltground plane (seeref. 6) to ensure an accuratesimulationof con-
figurationin proximityto the ground. The ground heights simulatedranged
from 0.1 to 1.0 wing span, and the angle-of-attackrange was from -2° to 12°
(dependingon model clearancelimitations). The principalconfigurationvari-
ables includedwing trailing-edgeflap deflectionand horizontal-tailincidence.
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The tests were conducted at a dynamic pressure of 335.16 Pa (7 Ibf/ft 2)

which resulted in a Reynolds number (based on the reference mean aerodynamic

chord) of about 2.0 x 106 . The data presented have been corrected for jet-

boundary effects (induced by the tunnel ceiling and sidewalls) by using the

theory outlined in reference 7. Sting interference effects have been deter-

mined by the methods outlined in reference 8. Transition strips were placed

on the wing, nacelles, and horizontal and vertical tails in accordance with

the method of reference 9. The drag data have been adjusted to account for

the presence of the windmilling engine-simulator fans.

PRESENTATION OF RESULTS

A brief discussion of the mechanism of ground-induced effects is presented

in appendix A. A data supplement containing a run schedule and a tabular list-

ing of data obtained from the present series of tests is provided in appendix B.

Also included in the data supplement are selected plots and tabular data, taken

from reference 2, which correspond to the appropriate out-of-ground-effect

(h/b = _) condition. The results and discussion are presented in accordance

with the following outline:

Figure

Ground-induced effects of the wing-body:

Effect on performance ....................... 4 to 9

Effect on longitudinal stability ................. 10 and 11

Ground-induced effects of the wing-body with horizontal
and vertical tail:

Effect on longitudinal stability ................. 12 to 16

Effect on landing-approach maneuver ................ 17 to 19

RESULTS AND DISCUSSION

Ground-Induced Effects for the Wing-Body

Effect on performance.- Figure 4 shows the longitudinal aerodynamic charac-

teristics of the wing-body combination as a function of the simulated nondimen-

sional height of the configuration above the ground (h/b). Data corresponding

to the out-of-ground-effect condition (h/b = _, obtained from ref. 2) are also

shown to establish reference values. The plotted results are based on an inter-

polation of the measured data such that variations of e and h/b can be elim-

inated. Data are presented for trailing-edge flap deflections of 0°, 10°, 20°,

and 30°. In general, the data show an increase in CL with decreasing h/b.

The data also show that, with decreasing h/b, CD decreases for low angles of
attack but increases for moderate and high angles of attack.

As discussed in appendix A, the observed increase in CL (with decreasing
h/b) is due to a ground-induced upwash which results in an effective increase

in lift at a given angle of attack. In order to more clearly illustrate this
increase in lift and lift-curve slope, the data of figure 4(c) have been replot-

ted to show the variation of CL with e. These plots, which are presented in
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figure 5, have been summarized in figure 6 to show the lift coefficient evalu-

ated at _ = 0° and the lift-curve slope as a function of h/b. Also presented

in figure 6 are results obtained with a theoretical model consisting of a planar

vortex-lattice representation of the configuration, and including a plane of

symmetry to simulate the ground plane. (See ref. 4 for a description of the

vortex-lattice computer program.) As can be seen, excellent agreement exists

between theory and experiment for values of h/b from _ to 0.3. For values

of h/b less than 0.3, the theoretical results predict substantially larger

increases in CLI_= 0 and CI_ than do the experimental results; however, the
overall trends are seen to be in agreement.

As mentioned previously, the data of figure 4 show that with decreasing

h/b, CD decreases for low angles of attack but increases for moderate and
high angles of attack. In order to more clearly show this influence of ground

proximity on drag, the drag polars (obtained by cross plotting the data of

fig. 4) are presented in figure 7. As would be expected, based on the discus-

sion contained in appendix A, reducing h/b results in substantial reductions

in induced drag. Figure 8 shows the theoretical induced-drag polars obtained

with the previously discussed vortex-lattice model at several values of h/b.

Consideration of the data of figures 7 and 8 shows that, for a given value of

h/b, the theoretical model predicts substantially lower levels of induced drag

than observed experimentally. This result is expected and is due to the fact

that the theoretical model assumes 100-percent leading-edge suction, whereas

the experimentally determined leading-edge suction is on the order of 70 per-
cent. (See ref. 2.)

Although the absolute level of induced drag predicted by the simple vortex-

lattice theory is found to be inappropriate, it should be noted (see fig. 9)

that the theoretically predicted incremental reductions in CD follow the same
trend as the corresponding experimentally determined values.

Effect on longitudinal stability.- The data presented in figure 4 indicate

that the wing-body configuration generally experiences a small positive incre-

ment in pitching moment with decreasing h/b. To more accurately portray this

influence of ground height on the longitudinal stability characteristics of the

wing-body combination, the data of figure 4 have been replotted to show the

parametric dependence of Cm versus CL on h/b. (See fig. 10.) Analysis of
the data of figure 10 (summarized in fig. 11) shows that for the wing-body com-

bination the pitching moment at zero lift Cm, o is essentially independent of
ground height. Analysis of these data also indicates that decreasing h/b has

a slight stabilizing effect on static longitudinal stability, as illustrated by

the small rearward shift in neutral point hn. This stabilizing effect is asso-
ciated with the distribution of the ground-induced upwash, as discussed in

appendix A. Figure 11 also presents the variation of Cm, o and hn with h/b
as predicted with the vortex-lattice theoretical model. As can be seen, for

the range of h/b studied, the difference between the theoretical and experi-

mentally determined neutral point is about 0.02c, while the corresponding dif-

ference in Cm, o is more pronounced. It should be noted that the particular
vortex-lattice model upon which the theoretical calculations are based employed
a flat fuselage representation which is thought to be responsible for the dis-

crepancy between the theoretica! and experimental values of Cm, o.



Ground-InducedEffects for the Wing-BodyWith

Horizontaland Vertical Tails

Effect on longitudinalstability.-Figure 12 presentsthe ground effects
data for the completeconfigurationwith a trailing-edgeflap deflection _f
of 20°/20°/20°. Data are presentedfor a range of horizontal-tailincidence
angles of -20° to 10°. Examinationof these data shows that the lift and drag
trends are similarto those previouslydiscussedfor the tail-offcondition,
but that the pitching-momentcharacteristicsare markedlyalteredby the addi-
tion of the horizontaltail. In order to eliminateangle-of-attackdependence,
and therebyprovidea better understandingof the influencesof ground proxi-
mity on horizontal-taileffectiveness,the pitching-momentdata of figures12
and 4(c) have been replottedand are presentedin figure13. As can be seen
from the data of figure 13, the incrementalpitchingmoment producedby tail
incidenceis approximatelyindependentof h/b for the range of ground heights
tested. It shouldbe noted, however, that the incrementin pitchingmoment due
to tail incidenceis a nonlinearfunctionof tail incidence. This is a result
which is not presentlyunderstood.

The standardexpressionsfor the horizontal-tailcontributionto pitching
moment, longitudinalcontroleffectiveness,and longitudinalstabilityare as
fol!ows:

-£t qt St

)Cm't = c q S L_ t(e - £ + it) (I)

m_ t qt st

---- (ci_t (2)Cmit c q sref\ /

<C_) t = C q S_ef(CL_)t - (3)

Noting that for the conditionsunder consideration Cmit has been observed to
be approximatelyindependentof h/b, it may be concluded (basedon eq. (2))

that the lift-curveslope of the horizontaltail _Ci_It is not significantly
influencedby ground proximityfor the range of ground heightsconsidered
herein. This resultmay have been anticipatedby consideringthe horizontal-
tail ground-heightparameter ht/bt in place of the wing ground-heightparam-
eter h/b. Because of ground clearanceconstraints,minimum ht/bt was lim-
ited to values on the order of 0.4.

Although it has been shown that the lift-curveslope of the horizontaltail
is essentiallyunaffected,equation (3) indicatesthat ground proximitymay
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still exhibit an influence on longitudinal stability if the downwash character-

istics are altered. Figure 14 shows the variation of the calculated horizontal-

tail downwash parameter (1 - 8€/8e) as a function of h/b. These results,

obtained from standard analysis of the tail-on and tail-off data presented in

figure 13, show that the downwash factor increases markedly as h/b decreases.

Although an increase in the tail downwash parameter would be expected to result

from the ground-induced upwash (as discussed in appendix A), it would not be
expected to exceed a value of 1. Inasmuch as the calculated values of

(I - 8E/_e) rely on the linearity of Cm versus it, and since this quantity

has been previously shown to be nonlinear, these values of the downwash param-

eter should only be considered as qualitative. Also presented in figure 14 is

the theoretical downwash parameter computed using the vortex-lattice model. As

can be seen, the theoretical values are significantly belowthose computed from

the experimental data. The reason for this discrepancy is thought to lie partly
in the assumption of a planar wake (inherent to the particular vortex-lattice
program) and partly in the previously discussed nonlinear tail effectiveness.

As implied by equation (3), increases in the downwash parameter (I - 8c/_e)

result in increases in the horizontal-tail contribution to longitudinal stabil-

ity and, consequently, increases in the stability of the complete configuration.

Figure 15 (based on the data of fig. 12(b)) shows the variation of Cm with
_espect to CL for values of h/b from _ to 0.20. Figure 16 summarizes

these results in the form of the variation of Cm, o and hn with respect to
h/b. Also presented for comparison in figure 16 are corresponding results for

the wing-body combination previously presented in figure 11. Examination of the

data of figures 15 and 16 indicates that the horizontal tail provides a positive

increment in Cm, o and that this increment remains approximately constant for
values of h/b from _ to 0.25. The data of figures 15 and 16 also illustrate

the anticipated result of an increase in longitudinal stability produced by

ground-induced effects. For example (assuming a center of gravity at 59.16 per-

cent _), in the initial approach condition, the configuration is about 3 per-

cent unstable (that is, _Cm/SC L = 0.03 at h/b = _); however, as the descent

progresses to the point where h/b = 0.2, the configuration is about 3.5 percent

stable (that is, 8Cm/8C L = -0.035).

Effect on landing-approach maneuver.- In order to assess the significance

of the ground-induced effects on the landing-approach condition, the trimmed

drag polars have been determined for a 20° trailing-edge flap setting and are

shown in figure ]7. Comparison of the trimmed drag polars to corresponding
untrimmed polars (see fig. 7(c)) shows that a substantial percentage of the

performance improvement provided by ground-induced effects is lost; however,

the resultant improvement in trimmed performance does remain significant.

Analysis of the trimmed drag polars (see fig. 18) shows that an assumed

approach lift coefficient of 0.6 with a thrust-to-weight ratio T/W of 0.148
results in an initial (h/b = _) glide slope y of -2.7 ° with e = 10.3 °

and @ = 7.6° . Furthermore, an assumed quasi-steady-state approach, carried
out holding attitude e and thrust setting constant, results in a reduced

glide-path angle as h/b decreases. Although the particular maneuver is

not truly self-flaring (control deflections are required to maintain the trim

condition), it does indicate that a simple constant-attitude approach maneuver
may result in desired reductions in vertical descent rate. To illustrate this



point, figure 19 shows the nondimensionalverticaldescent rate as a function
of h/b. The computations,performedfor the conditionsdeterminedby the
analysisof figure18, show marked reductionsin verticaldescent rate with
decreasing h/b.

It should,of course,be recognizedthat the foregoingdiscussionof the
landing-approachmaneuver,based on a simplisticquasi-steady-stateassumption,
representsthe upper bounds for favorableground effects. It should also be
recognizedthat resultsfor specificconfigurationsshould be determinedby
using the equationsof motion throughoutthe landingmaneuver.

SUMMARYOF RESULTS

The resultsof theoreticaland experimentalstudiesto determinethe
ground-inducedeffects for a low-aspect-ratiohighly swept arrow-wingconfigura-
tion may be summarizedas follows:

Decreasing h/b resultedin substantialincreasesin lift and substantial
reductionsin induceddrag. Although a significantpercentageof the ground-
inducedperformanceimprovementwas lost due to trim requirements,the effect
remainedquite favorable.

The wing-bodycombinationexhibitedonly a slight increasein longitudinal
stabilitywith decreasing h/b. However,as h/b decreased,there occurred a
marked increase in the tail downwashfactor (I - _E/8_),which resultedin sub-
stantial increasein the horizontal-tailcontributionto longitudinalstability.

The use of a planar vortex-latticetheoreticalmodel, which includeda
ground-planeimage system,provideda good estimateof the ground-inducedeffect
on lift, drag, and longitudinalstabilityof the wing-bodycombination. How-
ever, the theoreticalmodel, which was restrictedto a planar fuselageand wake
representation,did not adequatelypredicteither the zero-liftpitchingmoment
or the horizontal-taildownwashcharacteristics.

LangleyResearchCenter
NationalAeronauticsand Space Administration
Hampton,VA 23665
July 20, 1979
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TABLE ].- DIMENSIONAL CHARACTERISTICS OF MODEL

Wing:
Referencearea, m2 (ft2) ................... 1.875 (20.187)
Gross area, m2 (ft2) ..................... 2.067 (22.25)
Span, m (ft) ......................... 1.89 (6.20)
Root chord,m (ft) ...................... 2.515 (8.252)
Tip chord,m (ft) ....................... 0.242 (0.794)
Referencemean aerodynamicch£rd,m (ft) ........... 1.320 (4.331)
Distance of leadingedge of c aft of wing apex, m (ft) . . . 1.063 (3.487)
Gross mean aerodynamicchord,m (ft) ............. 1.557 (5.!09)
Leading-edgesweep, deg -
At body station0.574 m (1.883ft) ................. 74.0
At body station2.141 m (7.024ft) ................. 70.5
At body station2.827 m (9.277ft) ................. 60.0

Vertical tail:
Area, m2 (ft2) ........................ 0.0327 (0.352)
Span, m (ft) ......................... 0.171 (0.562)
Root chord,m (ft) ...................... 0.0732 (0.240)
Leading-edgesweep, deg ........................ 59.0

Vertical fin (two):
Area, m2 (ft2) ........................ 0.084 (0.906)
Span, m (ft) ......................... 0.147 (0.484)
Root chord, m (ft) ...................... 0.499 (1.637)
Tip chord,m (ft) ....................... 0.07] (0.233)
Leading-edgesweep, deg ........................ 73.4

Horizontaltail:
Area, m2 (ft2) ........................ 0.150 (1.613)
Span, m (ft) ......................... 0.457 (1.499)
Root chord, m (ft) ...................... 0.540 (1.772)
Tip chord, m (ft ....................... 0.116 (0.380)
Mean aerodynamicchord, m (ft) ................ 0.372 (1.22])
Horizontal-taillength,m (ft) ................ 1.467 (4.811)
Leading-edgesweep,deg ........................ 43.0
Dihedral,deg ............................. -15.0

I0



Figure 1.- System of axes.
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Figure 2.- Dimensionalcharacteristicsof model. Dimensionsare given in
meters and parentheticallyin feet.
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Figure 3.- Photographof model mounted for ground-effectstests in Langley
V/STOL tunnel.
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Figure 4.- Longitudinalaerodynamiccharacteristicsof the
wing-bodycombination. 6_e = 30°.
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APPENDIX A

MECHANISM OF GROUND-INDUCED EFFECTS

As is well known (see, for example,ref. ]0), the aerodynamicsof an air-
plane flying in proximityto the ground differ from that of an airplane in free
air. The differenceis due to the additionalboundaryconditionof zero flow
normal to the ground. This boundaryconditionmay be satisfiedby considering
the ground plane as a plane of symmetrywith an aircraftmirror image repre-
sented as illustratedin figureA]. (See refs. 11 and 12 for a more detailed
discussionof the image system.) Both the physicalwing and ground-planeimage
may then be replacedwith a vortex-latticearrangement. FigureA2 presentsa
simplisticsketch intendedto illustratethe above-mentionedconcept.

Applicationof the classicallaws of vortex inductionto the arrangement
depicted schematicallyin figureA2 yields the familiarresult of the configura-
tion experiencingan upwash inducedby its ground-planeimage. Furthermore,by
neglectinghigher order terms, the magnitudeof this upwash is found to be
inverselyproportionalto the height of the configurationabove the ground h.
This ground-inducedupwashmay be consideredas a ground-inducedangle of attack
eG which is also inverselyproportionalto h. Inasmuchas the upwash,and
hence eG, is proportionalto the circulationof the vortex elements, it follows
that eG is proportionalto lift. Therefore,introducingnondimensionalterms,
_G may be expressedas

KCL

(_G = -- (AI)
h/b

where K is a constantof proportionality.

Lift coefficientcan be expressedas

CL = CI + C2_ (A2)

where C1 and C2 are constants,and

= e_ + _G (A3)

where e is the free-streamangle of attack; it thereforefollowsthat

KCL
(_= _ + __ (A4)

h/b
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APPENDIXA

Substitutingequation (A4) into equation (A2)and rearrangingterms yields

Cl C2a_
CL = + (A5)

KC2 KC2
1 1

h/b h/b

Comparisonof equation (A5)with the conventionalform

CL = CLIe=0 + CL_e_ (A6)

yields

C1 C2
cLl :0: : CAT)

KC2 KC2
1 1

h/b h/b

The precedingsimple analysis is intendedto demonstratethat due to the addi-
tionalupwash both the lift evaluatedat _ = 0° and the lift-curveslope
would be expected to increaseas h/b decreases. However, at low heightsand
high lift coefficients,an additionalbackwashcontributioncauses a decrease
in lift. This additionalbackwashcontributionis not accountedfor in the
presentanalysis.

In additionto an increasein CL, the ground-inducedupwash also results
in a reductionin induceddrag. Some insightinto the mechanism responsible
for the reductionin induceddrag can be afforded by consideringthe classical
theoremof Kutta and Joukowski

--p9×{ CAB)

where F = Resultantforce vector; P = Density; V = Velocity vector;and
= Circulationvector.

Applicationof this law to the elementalvortex depicted in figureA3 shows
that, in general,upwash resultsin a reductionof the rearward inclinationof
the resultantforce vector. Consequently,upwash is seen to result in an
increasein the lift componentand a reductionin the drag componentof the
resultantforce.
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APPENDIX A

The influence of ground proximity on longitudinal stability can be deter-
mined by reconsidering the vortex arrangement depicted in figure A2. From this
sketch, it can be seen that the upwash induced by the ground-plane image will
vary in both the spanwlse and chordwise directions. However, it would in gen-
eral be expected that for a given spanwise station, the induced upwash would
be greatest over the aft portion of the wing. To illustrate this point, fig-
ure A4 presents the upwash, which is induced by the ground-plane image and
computed with the vortex-lattice theoretical model. The increased aft loading,
which would be expected to result from the increased local angle of attack,
would of course also be proportional to CL and inversely proportional to h/b.
Therefore, for a given h/b, the aerodynamic center would be located rearward
relative to the location of the aerodynamic center when h/b = _. Consequently,

decreasing h/b results in an increase in static longitudinal stability.

47



h

FigureAI.- Ground-planeimage concept.



ex lattice'

Circulation-_ _j _,C" C
Ground plane

J x

_Vortex image _

Figure A2.- Fundamentalground-inducedvortex image system.

%0



O1
O

Drag --_

Dra_._.; --/__

_ 'I_ Resultant force _- Resulta_nt f_orce

\ I _ = 0 V x T Lift F = P V x r

Lift--J\ I __Vortex circulation, F--Vortex circulation, _
Free-stream velocity, r ___ _ Free-stream velocity, I_O _

T --Oo was. H

t_ Downwash _ ..._.__..-4-- :_
_---- Ground induced

_Resul_ant _ _" _ Rv_eSultantvelocity, upwash
V

(a)Out-of-groundproximity. (b)In-groundproximity.

FigureA3.- Effect of ground-inducedupwash on lift and drag.



y

_ 0.177
...... 343

.662

.863

6 --

s _

f

Upwash 0

o - 5'----]

I

-2 --

I t I I I I I I
-.2 0 .2 .4 .6 .8 _.0 :1.2

x/c

FigureA4.- Variationof upwash inducedby ground-planeimage. WB; 6f = 20o/20o/20o;
_. 6Ze = 300; h/b = 0.2; CL = 0.6.
..a



APPENDIX B

DATA SUPPLEMENT

A run schedule and tabulated listing of in-ground effects data are pre-
sented in tables BI to B3. In order to provide data at constant angles of
attack and ground heights, interpolated results are presented in table B3.
Additionally, selected plots and tabular data from reference 2 (correspond-
ing to the out-of-ground effect condition) are given in figures BI and B2
and tables B4 and B5.

The symbols used in the data tabulation are defined as follows:

ALPHA angle of attack, deg

ALPI interpolated angle of attack, deg

CD drag-force coefficient

CDI interpolated drag-force coefficient

CL lift-force coefficient

CLI interpolated lift-force coefficient

CPM pitching-moment coefficient

CMI interpolated pitching-moment coefficient

H/B height of configuration above ground plane divided by wing span
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TABLE B].- RUN SCHEDULEFOR CONFIGURATIONIN-GROUNDEFFECT

_f, deg Center-lineHorizontal-tail
Run Interpolatede, 6_e, vertical incidence,

run deg deg _t] _t3 _t5 tail deg

54 .... 2 30 0 0 0 Off Off
55 700 0
57 701 2
58 702 4
59 703 6
60 704 8
61 705 l0
62 706 l2 _'

l80 .... 2 !0 l0 ]0
l8] 728 0
l82 729 2
l83 730 4
I84 731 6
l85 732 8 ! i

733 l0 _' 'I "
186
187 734 l2
110 .... 2 20 20 20
III 707 0

I
112 708 2
Il3 709 4
114 710 6 i

115 711 8 :
!

116 712 I0 j i
117 713 12

I88 .... 2 30 30 50 i
i

1 89 714 0 I i
190 715 2

1 91 71 6 4

I 92 717 6 I
193 718 8
194 719 I0
1 95 720 1 2 " ' _, 4, _r
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TABLE BI.- Concluded

_f, deg Center-lineHorizontal-tail
InterpolatedRun °Ze' vertical incidence,

run degideg _tl _t3 _t5 tail deg

l24 .... 2 30 20 20 20 On 0

I25 742 0

126 743 2 !
127 744 4 i
128 745 6
129 746 8
]30 747 I0
131 748 12

i

I38 .... 2 i 10

139 749 0
140 750 2
141 751 4
142 752 6
143 753 8 I
144 754 ! 0 Ii
!45 755 12
1 48 -2 -I 0

149 756 0
150 757 2
1 51 758 4
152 759 6
153 760 8
154 761 1 0 !
155 762 l2 7,

!
156 .... 2 -20
157 763 0
158 764 2
1 59 765 4 I
160 766 6
1 61 767 8

1 62 768 ! 0 I
163 769 12 " I, I I,
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TABLE B2.- TABULATED DATA FOR CONFIGURATION IN-GROUND EFFECT

RUN 54

HI8 ALPHA CL CD CPM

,118 -1.93 -.0186 .0223 .0258
• 150 -1.94 -.0182 .0226 .0::'13 \
• 202 -1.93 -.0134 .0225 ,0184 \
.250 -I,93 -.OlOq ,0223 ,0166

'\
•288 -I,92 -.0106 .0220 .0154

RUN 55

HIB ALPHA CL CD CPM

• 127 ,08 ,1107 .0215 .0257
•151 ,06 .0926 .0211 ,0214
,199 ,06 ,0862 ,0214 ,0190
•251 ,07 ,0840 .0214 .0178
•300 ,08 ,0774 ,0217 ,0173
,350 ,09 ,0754 ,0216 ,0166
•400 .09 .0654 .0217 .0167
,410 ,09 ,0651 ,0217 ,0163

RUN 57

HIB ALPHA CL CD CPM

.139 2,07 .2051 ,0250 ,0256
,151 2,06 ,1991 ,0247 ,0249
•201 2.06 .1751 .0245 .0227
• 251 2.06 .1685 .0243 .0207
.300 2,07 .1555 ,0243 ,0199
,350 2.08 ,14q0 ,0246 .0201
,400 2,09 ,1514 ,0238 ,0210
.501 2.11 .1449 .0243 .0203
.533 2.12 .1455 .0243 .0200
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TABLE B2.- Continued

RUN 58

HIB ALPHA CL CD CPM

.153 4.09 .2958 .0319 .0283

.199 4,08 ,2649 .0308 .0244

.250 4,09 ,2442 .0304 ,0237
,298 4,07 ,2337 .0302 .0229
•350 4,I0 ,2300 ,0301 ,0249
°400 4.11 .2275 .0296 .0239
•500 4.12 .2176 .0301 .0241
.601 4,15 .2169 .0301 .0241
.658 4.16 .2088 ,0301 ,0240

RUN 59

H/B ALPHA CL CD CPM

.164 6.03 .3815 .0436 .0284
,200 6,03 .3549 o0421 .0257
,250 6.03 .3289 .0406 ,0263
,300 6,04 .3136 ,0391 .0263
.350 6.04 .3004 .0392 .0265
.400 6.06 .3016 .0391 .0274
.501 6,08 .2867 .0385 ,0271
•601 6,09 °2864 ,0383 °0269
,779 6,11 ,2774 .0385 ,0269

RUN 60

HIB ALPHA CL CD CPM

•202 8,06 .4473 .0605 .0264
.250 8.05 .4255 .0580 .0251
.300 8.06 .4055 .0562 .0263
•351 8.07 .3q12 .0546 .0269
.399 8,07 ,3801 ,0537 ,0271
,501 8,09 .3662 ,0527 .0290
•600 8.12 ,3590 ,0527 ,0298
.800 8.18 .3547 .0521 .0300
•905 8.21 .3518 .0522 .0296
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TABLE B2.- Continued

RUN 61

HIB ALPHA CL CD CPM

,232 i0,07 ,5221 .0844 ,030q
.251 10,07 .5103 .0830 .0301
,300 10.08 ,4932 ,0798 ,0307
•351 10,08 ,4732 .0772 ,0295
•401 10.09 .4645 ,0759 .0194
,500 i0,12 ,4441 ,0740 ,0303
•600 10.14 .4363 .0729 .0304
.800 i0.21 .4363 .0737 ,0319

1,001 10.27 ,4307 ,0734 ,0310

RUN 62

HIB ALPHA CL CD CPM

•259 12.07 ,5940 ,I160 ,0396
,300 IZ,07 ,5715 ,Ii15 ,0374
,351 12,08 ,5553 ,I086 ,0372
,399 12,09 ,5495 ,I072 ,0380
,500 12.11 ,5316 ,1043 .0381
•601 12,15 .5264 .1030 .0397
,800 12,20 ,5036 ,0998 ,0372

1,000 12,28 ,5107 ,I016 .0394

RUN II0

HIB ALPHA CL CD CPM

•llq -1.88 ,2190 ,0303 -,0350
•148 -1.88 .2034 .0316 -,0355
•200 -I,88 ,1916 ,0318 -.0359
•250 -i,87 .1848 .0315 -.0367
•293 -1.86 .1828 .0314 -.0358
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TABLE B2.- Continued

RUN iii

HIB ALPHA CL CD CPM

.133 .08 .3139 .0336 --.0279
•159 ,08 .2959 .0339 --.0306
,194 ,09 ,2833 .0337 -,0308
,251 ,09 ,2654 ,0345 -.0321
•301 .oq ,2561 .0355 -,0311
.351 ,ii .2599 ,0346 -.0302
.395 ,I0 .2535 .0348 -,0306
.412 .I0 .2598 .0356 -.0298

RUN I12

HIB ALPHA CL CD CPM

.144 2.04 .3941 .0405 -.0216
,152 2.04 .3905 .0407 ".0239
,195 2,04 ,3663 ,0412 -.0253
.249 2.05 ,3527 ,0415 -.0248
,305 2,07 .3412 ,0416 -,0267
.347 2.07 .3308 .0422 -.0261
.398 2.09 .3264 .0421 -.0255
.497 2.10 ,3231 .0425 -,0247
.533 2.12 .3229 .0424 -.0249

RUN I13

HIB ALPHA CL CD CPM

,154 4,05 ,482B .0527 -.0181
•144 4.04 ,4546 ,0523 -.0233
,243 4,04 ,4358 .0519 -,0236
•300 4.05 .4226 .0521 -.023q
.351 4.06 .4078 .0520 -.0236
.402 4.08 .410b ,0523 -,0216
,498 4,10 .3979 .0525 -.0212
,600 4,12 ,3924 ,0529 -.0209
.655 4.14 .3894 .0529 -.0202
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TABLE B2.- Continued

RUN 114

HI8 ALPHA CL CD CPM

,169 6,07 ,5571 ,0710 -,0148
•201 6.07 .5408 .0694 -.0209
,250 6.07 ,5255 ,0690 -,0220
.297 6.07 .5066 .0683 -,0226
•354 6,09 ,5049 ,0682 -.0209
,399 6,09 ,4837 ,0678 -,0219
,504 6,13 ,4812 ,0678 -,0204
•596 6.14 .4709 ,0680 -,0196
,781 6.21 .4716 ,0684 -.0191

RUN 115

H/B ALPHA CL CD CPM

,204 8.06 ,6244 .0937 -.0096
,249 8.07 ,6025 ,0910 -,0152
•304 8,06 ,5900 ,0899 -.0177
.350 8.07 ,5740 ,0890 -,0180
,40I 8.09 ,5695 ,0890 -.0175
,499 8.10 .5515 .0881 -.0194
.604 8.13 .5526 ,0885 -.0177
,796 8,20 ,5509 ,0886 -,0169
,906 8.22 ,5385 ,0883 -,0177

RUN 116

HIB ALPHA CL CD CPM

,233 i0,08 ,6943 .1240 ,0010
.255 10.07 .6823 .1219 -.0032
,304 10 08 ,6595 ,I180 -,0068
.351 10.08 .6445 .1159 -,0098
•400 10.09 .6378 .1154 -.0089
.502 I0,ii ,6290 ,i146 -,0085
•601 I0,14 ,6228 ,i141 -.0088
.799 10.21 ,6212 ,I149 -,0079

1,001 10.29 .6140 .1152 -,0090
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TABLE B2.- Continued

RUN 117

HI8 ALPHA CL CD CPM

•25q 12,13 ,7625 ,1619 ,0136
,304 12,12 ,7351 ,1558 ,0077
.351 12.13 .7226 .1535 .0050
.400 12.14 .7135 .151q .0035
,500 12,16 .7087 ,1511 ,0021
,593 12,18 .6950 ,1489 .0024
,796 12.25 ,6926 ,1498 ,0026

1,001 12.35 ,6834 ,1489 ,0023

RUN 124

HIB ALPHA CL CD CPM

,i19 -l,q7 ,1980 ,0297 -,0244
•150 -1.97 ,1957 .0302 -.0227
.201 -1.97 .1715 .0310 -,0224
.251 -I,96 ,1624 ,03i2 -,0232
.286 -1.95 .1599 ,0312 -,0217

RUN 125

HIB ALPHA CL CD CPM

,128 .06 .3042 .0337 -.0205
,149 ,05 °2835 °0340 --,0210
.Egg .05 ,2683 .0342 -.020g
•251 .08 .2570 .0340 -.0187
•300 ,06 .2382 .0350 -.OI7q
•350 ,i0 ,2462 ,0351 -,0155
.399 .08 .2345 .0349 -,0163
,408 ,I0 ,2370 ,0350 -.0161
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TABLE B2.- Continued

RUN 126

HIB ALPHA CL CD CPH

,140 2.05 ,3896 ,0411 -,0243
.150 2.04 .3766 .0413 -.0240
•200 2.05 ,3566 .0409 -,0229
.250 2.06 ,3356 ,0414 -,0220

•300 2,08 ,3272 ,0415 -,0198
.350 2,08 ,3159 ,0418 -,0185
,400 2,11 ,3115 .0422 -.0174
.501 2.13 .300I .0424 -.0165
,531 2.12 .3092 .0421 -,0155

RUN 127

HI8 ALPHA CL CO CPM

•153 4,06 .4750 ,0534 -.0272

,200 4.06 .4401 ,0525 -.027g
,251 4,08 ,4184 ,0524 -,0239
,301 4.08 .4035 .0524 -.0207
,349 4.09 ,3917 ,0522 -,0186
.400 4.1I .3864 .0526 -.0165
,500 4.13 .378g °0526 -.O14g
.599 4,16 ,3672 ,0531 -,0137
,657 4,18 ,3630 ,0528 -,0130

RUN 128

HI8 ALPHA CL CD CPM

.165 6.04 .5630 ,0717 -,0319
• 200 6.04 .5333 .0696 -.0320
.251 6,05 ,5146 .0689 -,0274
• 300 6.06 .4877 .0683 -.0248
• 350 6.07 .4738 .0675 -.0223
,399 6,08 ,4651 ,0673 -,0189
•500 6,i0 ,4510 ,0671 -,0166
•600 6,13 .4411 .0670 -,0144
,779 6.20 .4453 .0676 -.0125
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TABLE B2.- Continued

RUN I29

HIB ALPHA CL C0 CPM

,202 8,09 ,6240 ,0953 -,0299
,250 8,09 ,5888 ,0914 -.0253
,300 8.11 ,5748 .0904 -,0192
.350 8.12 ,5558 ,0893 -.0170
.400 8,14 ,5476 ,0888 -,0155
.501 8.16 .5380 .0883 -.0121
,601 8.19 .5268 ,0878 -,0107
.800 8.25 ,5157 .0874 -.0085
.907 8.30 °5236 .0884 -.0082

RUN 130

HIB ALPHA CL CD CPM

.232 10.06 .6832 .1243 -,0278

.250 10.06 .6736 ,1223 -.0228

.300 I0,08 ,6479 ,I189 -.0170

.351 I0,09 ,6263 .1160 --,0142
,400 I0,ii ,6287 .i170 -,0096
,502 I0,14 .6014 .I133 -,0061
,601 i0,16 ,5943 .1127 -.0043
.800 10.23 ,5872 .1122 -.0026
,998 I0,30 .5839 ,I130 -,0016

RUN 131

HIB ALPHA CL CD CPM

,260 12,04 ,7633 ,1634 -,0246
,300 12,06 °7283 ,1567 -.0146
,351 12,08 ,7142 ,1543 -,0076
.401 12.10 .7046 ,1530 -o0017
•501 12.13 .6789 .1486 .0018
•600 12,15 ,6685 ,1468 .0049
,801 12.23 .6559 ,1454 ,0066
•gqg 12,31 .6562 .1465 ,0081
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TABLE B2.- Continued

RUN 138

HI8 ALPHA CL CD CPM

•I18 -1.99 .2147 .0309 -.0441
•159 -1,99 .1951 ,0319 -,0429
•201 -1,98 ,1886 ,0317 -o0416
•ESl -1.98 ,1765 .0327 -.0414
• 287 -1.94 .1686 °0324 -.0406

RUN 139

HIB ALPHA CL CD CPM

•IZ6 .05 .3194 ,0351 -.0412
,149 ,05 ,3042 ,0349 -,0410
•199 ,05 .2788 ,0351 -.0402
•250 ,06 ,2628 .0360 -,0392
•301 ,07 ,2552 .0355 -,0380
•350 .09 .2513 .0357 -,0369
,399 ,09 ,2461 ,0356 -,0362
•410 ,09 ,2487 .0355 -,0358

RUN 140

HIB ALPHA CL CD CPM

.140 2,06 ,4094 ,0434 -,0471
,149 2.06 ,3979 ,0431 -,0468
,199 2,06 ,3645 ,0433 -,0435
,251 2,07 ,3483 .0428 -,0404
•30a 2.07 ,33_5 ,0430 -,0393
°349 2.10 ,3236 ,0431 -,0383
•400 2,11 ,3219 ,0435 -,0366
•500 2.13 .3169 ,0%31 -,0362
,534 2o14 .3114 ,0434 -.0363
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TABLE B2.- Continued

RUN 141

HIB ALPHA CL CD CPM

.154 4.04 .4948 .0568 -.0540
e200 4.05 .4551 .0552 --.0493
• 251 4.07 .4404 .0543 -.0437
• 300 4.07 .4205 .0537 -.0396
,350 4,09 ,4091 ,0534 -,0377
•401 4,11 .4081 .0539 -.0357
,500 4.11 ,3862 .0540 -,0343
.600 4.15 ,3893 ,0546 -.0320
.657 4.15 .3777 .0545 -.0317

RUN 142

HIB ALPHA CL CD CPM

,I65 6,03 .5850 .0779 -.0639
.200 6.03 .5520 .0740 -.0562
.250 6.05 °5286 ,0727 -,0498
• 301 6.06 .5059 .0714 -.0452
•351 6.08 .4896 .0706 -.0416
.400 6,09 ,4818 .0701 -,0384
• 501 6.11 .4642 .0692 -.0352
.600 6.14 .4574 .0693 -.0329
.782 6.20 ,4565 ,0694 -,0321

RUN 143

H/B ALPHA CL CD CPM

.201 8.05 .6448 .i018 -,05ql

.250 8,06 ,6078 ,0968 -,0501

.300 8.08 .5894 .0943 -.0436

.350 8,10 ,5765 .0929 -.0372

.400 8.11 ,5669 .0925 -°0337
•500 8,15 .5530 ,0910 -.0310
.600 8,18 ,5353 ,0899 -.0303
,799 8,25 ,5351 ,0905 -,0275
.909 8.2g .528q ,0904 -,0269
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TABLE B2.- Continued

RUN 144

H/B ALPHA CL CD CPM

• 231 10.03 .7083 .132q -.0568
•251 I0,04 ,6997 ,1314 -,0514
,300 I0,06 .6647 .1246 -.0417
.348 10.08 .6521 .1224 -.0338
•400 I0,i0 .6343 ,1197 -,0303
,499 10.13 .6240 o1177 -,0251
•5gg 10.15 .6100 .i160 -.0246
,800 I0,23 .6036 .I160 -.0214
.999 10.29 .5936 .i156 -.021q

RUN 145

H/8 ALPHA CL CD CPM

.259 12,04 .7803 .1725 -,0561

.299 12.05 .7464 .1643 -.0416
•349 12.07 .7302 .1602 -.0318
.400 12.09 .7095 .1564 -,0265
• 500 12.13 .7000 .1542 -.0189
.599 12.16 .6835 ,1511 -,0163
.800 12,23 ,6690 ,1493 -.0136

1.000 12.32 .6655 .1492 -,0119

RUN 14e

HIB ALPHA Ct CO CPM

.I18 -1.93 .1767 .0378 .OlOq
•150 -l,g3 .1459 ,0387 ,0096
,200 -l,g3 ,1383 ,0393 ,0108
•251 -i,92 .1281 .0401 .0121
,285 -l,gl .1277 .0396 ,0130
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TABLE B2.- Continued

RUN 149

H/B ALPHA CL CD CPM

•126 .0b .2721 ,0400 .0138
.150 .05 .2498 ,0403 ,0120
•198 .05 .2302 .0410 .0129
•250 .06 .2157 .0414 ,0138
.300 ,07 .2117 ,0415 ,0143
,349 ,08 .1998 .0422 .0150
.401 .09 .2005 ,0423 ,0166

RUN 150

HIB ALPHA CL CD CPM

.139 2.07 .3556 .0458 ,0089
•150 2,07 ,3479 ,0498 ,0073
•200 2.06 .3154 .0463 .0081
.250 2.07 .2958 .0470 .0106
,300 2.09 ,2910 ,0466 ,0126
,349 2,09 ,2808 .0471 .0141
.39q 2.11 .2745 .0475 ,0146
.500 2,12 .2656 ,0478 .0157
•530 2,13 .2675 .0478 .0160

RUN 151

H/8 ALPHA CL CO CPM

.154 4.06 .4377 .0564 .0029
•200 4.07 ,4096 .0559 .0033
•251 4,08 .3857 ,0559 ,0077
•300 4,09 ,3777 .0560 .0108
•350 4,11 .3612 .0564 ,0125
.400 4.13 .3533 .0561 ,0151
•500 4,15 ,3378 ,0569 ,0173
.600 4.17 .3363 .0570 .0188
.655 4,18 .3363 ,0570 ,0191
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TABLE B2.- Continued

RUN 152

H/B ALPHA CL CD CPM

.164 6.07 .5219 .072g .0001

.200 6,06 .4993 ,0713 -,0017

.24g 6.08 .4825 .0710 .0010

.301 6.09 .4589 .0705 .0057

.350 6.10 .4461 .0702 .0090
,400 6.11 .4387 ,0704 .0125
,499 6,13 ,4182 ,0698 ,0143
,600 6,15 ,4155 ,0699 ,0172
°779 6,21 .4072 .0705 ,0192

RUN 153

HI8 ALPHA CL CD CPM

•202 8.06 .5848 .og40 .0018
.250 8.05 .5617 .0913 .0051
.299 8,07 ,5375 ,0g02 .0087
•351 8,09 .5219 .0895 .0120
.400 8,10 ,5084 .0888 .0149
•501 8,13 ,4994 ,088g ,0188
•599 8.16 .48g0 .0886 ,0208
•800 8.23 .4859 .0895 .0236
.904 8.26 .4793 .0891 ,0228

RUN 154

HIB ALPHA CL CD CPM

.231 10.07 .6570 .1235 .0055
•249 10.06 .6384 .1203 .0@57
•299 10.08 .6165 ,I180 ,0116
,350 10.09 ,5958 ,1158 ,0163
,390 I0.i0 .5854 ,i146 .0193
,%99 10.14 ,5725 ,i136 .0250
,59g IO.i6 .556i .ii18 .0253
.799 I0.23 .5508 .I120 .0284

1.001 10.31 .5445 ,i121 .02gl
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TABLE B2.- Continued

RUN 155

H/B ALPHA Ct CD CPM

.260 12.07 .7212 .1576 ,0102

.299 12,08 .7010 .1544 ,0140
•350 12.10 ,6826 .1517 .0211
•400 12,11 ,6589 .1486 °0250
,500 12,15 ,6428 .1467 ,0325
•600 12.18 .6290 .1449 .0359
•800 12.24 .6186 ,1439 ,0383

1.001 12.33 ,6141 ,1442 ,0397

RUN 156

HIB ALPHA CL CD CPM

.I19 -1.91 .1538 ,0511 .0403

,149 -1.92 .1390 ,0508 .0387
•200 -1.96 .I142 .0518 .0375
,250 -I.95 ,I075 ,0526 .0377
.281 --1.94 .i004 .0530 .0368

RUN 157

HIB ALPHA CL CD CPM

.126 ,05 .2390 .0520 ,0435
,149 .05 .2262 .0522 ,0423
.199 .05 .2099 .0524 ,0416
.250 .06 ,1982 ,0526 .0421
•300 ,06 .1834 .0528 .0405
,351 ,06 ,1830 ,0528 ,0422
,400 ,07 ,1752 ,0533 ,0418
• 404 .07 .1805 ,0529 ,0424
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TABLE B2.- Continued

RUN 158

HIB ALPHA CL C0 CPM

.139 2,06 .3301 .0563 .0405
•14g 2.05 .3174 .0565 .0383
,200 2,05 ,2902 ,0571 ,0384
•250 2,06 .2790 .0571 .0388
.300 2.07 ,2677 .0578 ,0405
.350 2.09 .2575 ,0578 ,0408
.399 2.10 .2576 .0574 .0411
.501 2.12 .2420 .0581 .0415
,527 2,12 .2424 ,0587 ,0423

RUN 159

H/B ALPHA CL CD CPM

• 153 4.08 .4131 .0652 .0359
,lqq 4,07 ,3880 .0648 .0334
.249 4.08 .3628 .0651 .0366
,301 4,09 ,3477 ,0655 .0396
.350 4,09 .3331 ,0654 .0406
,399 4,10 ,3293 .0656 °0427
.501 4,13 .3174 ,0661 ,0438
,600 4,16 .3099 .0665 ,0455
.652 4.17 .3080 ,0664 .0453

RUN 160

HIB ALPHA CL CO CPM

• 165 6.06 .4940 .0798 .0335
•201 6,05 .4735 .0781 ,0284
,250 6,06 ,4499 ,0784 ,0307
.300 6.07 .4352 .0780 .0365
•351 6.08 .41q0 .0782 ,0372
,399 6.08 ,4099 ,0782 .0392
.500 6,12 .4014 .0780 .0415
.600 6.15 .3934 ,0784 .0450
.775 6.19 ,3843 .0785 .0646
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TABLE B2.- Continued

RUN 161

HIB ALPHA CL CD CPM

.201 8.06 .55gi .0997 ,0353
•ZSI 8.06 .5380 .0980 .0345
•300 8,07 ,5103 ,0967 ,0372
•350 8,08 ,4986 ,0963 ,0400
•400 8,I0 ,4912 ,0965 .0447
•500 8.1Z .4787 .0964 .0468
.599 8,15 .4696 .0957 .0477
.799 8,21 ,4582 ,0961 ,0488
•901 8.a3 .4613 .0960 .0488

RUN 162

HIB ALPHA CL CD CPM

•232 10,09 ,6311 .1267 ,0364
,250 10.09 ,6136 ,1243 .0356
• 300 10,10 ,fi917 ,122fi .0407
• 351 10.12 ,5730 .1213 ,0438
•399 I0,13 ,5fi91 ,1205 ,0485
•501 10.16 .5494 .1201 .0540
.600 I0,19 .5375 .1192 .0536
.800 I0,25 ,52QZ ,1189 ,0555

1,000 I0,33 .5204 .1188 .0555

RUN 163

HIB ALPHA CL CD CPM

.260 12,08 ,7035 .1608 ,0412

.300 12.09 .6748 .1569 ,0445
• 350 12,10 ,6504 ,1537 ,0480
.400 la.lZ .6389 ,1535 .0555
•501 12.15 .6197 .151q .0609
.599 12.17 .6048 .1498 ,0629
•801 IZ,Z4 ,5948 ,1494 .0657

1.000 12.32 .5933 ,1505 ,0676
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TABLE B2.- Continued

RUN 180

HIB ALPHA Ct CD CPM

•120 -2.01 .0957 .0235 -.0072
,151 -2,01 ,0895 .0238 -°0088
,199 -2,01 ,0816 .0238 -,0093
• 252 -2,00 ,0772 .0240 -,0093
.286 -1.99 .0755 .0239 -.0101

RUN 181

HIB ALPHA CL CD CPM

.129 .06 .2146 .0249 -,0016
.152 .05 .1978 ,0252 -,0037
,198 °05 .1792 ,0251 -.0049
,251 ,06 ,1738 ,0258 -,0054
,29g .06 ,1612 .0258 -.0073
,353 ,07 .1622 .0256 -.0061
,403 ,08 .157q ,0258 -.0070
,411 ,08 ,1555 °0258 -,0069

RUN 182

HIB ALPHA CL CD CPM

.143 2.14 .3046 .0303 ,0031
•162 2,13 ,2874 .0305 .0008
,199 2,13 ,2708 ,0304 -,0008
.24q 2.13 .2570 .0305 -.0020
•303 2.14 .2516 .0305 -.0013
.358 2.15 .2451 .0306 -,0017
.398 2,20 ,2459 ,0307 ,0003
,511 2.21 .2360 ,0305 -.0013
.539 2.23 ,2401 ,0306 ,0005
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TABLE B2.- Continued

RUN 183

HIB ALPHA CL CD CPM

.154 4.08 .3896 ,0401 ,0065
,195 4,06 ,3587 ,0388 .003Z
.Z52 4.07 .3395 .0383 .0018
,Z99 4,07 ,3Z6% ,0386 ,0026
.348 4,08 .3188 .0385 ,0033
•400 %,09 ,3131 .038Z .0031
•508 4.12 ,3038 ,0387 ,0038
,603 4,14 ,2963 ,0388 ,0030
•657 4.16 .2969 .0393 .0035

RUN 184

HI8 ALPHA CL CD CPM

,170 6.03 .4675 .0566 .0065
•201 6,02 .4482 .0537 .0029
,248 6,00 .4232 ,0519 ,0028
•301 6,02 ,4076 ,0510 .0049
•355 6.01 ,3968 ,0507 ,0039
.398 6,02 .3894 ,0505 ,0046
.498 6.04 .3778 .0502 .0048
•597 6,06 .3810 ,0506 ,0064
.779 6,11 ,3589 ,0500 ,0056

RUN 185

HIB ALPHA CL CD CPM

,202 8.05 ,5392 .0752 ,0089
•250 8,04 ,5139 ,0720 ,0066
,306 8.05 .%931 ,0703 ,0051
,353 8,06 .4822 ,0695 ,0052
•400 8.07 .4704 .0686 ,0049
•501 8.09 .4601 .0679 .0068
,604 8,17 .4596 ,0682 ,0083
,798 8,18 ,4440 .0673 ,0076
,905 8,22 ,4470 ,0679 ,0080
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TABLE B2.- Continued

RUN 186

HIB ALPHA CL C0 CPM

•235 i0,04 .6049 .i022 ,0167
,251 I0,04 ,5937 .i004 .0152
,302 i0,04 .5637 .0952 .0117
•352 10.04 .5622 .0948 .0131
,400 10.05 ,5459 ,0926 ,0115
•508 i0,07 ,5338 .0gl0 .0113
.598 lO.Og .5273 ,0905 ,0117
.796 IO,I4 .5205 .0905 .0117
1.003 I0.22 .5240 ,Ogi4 .0135

RUN 187

HIB ALPHA CL CD CPM

,262 12.09 .6754 .1365 .0284
•302 12.09 .6508 .1314 .0239
•352 12,10 .6382 ,128g ,0236
•404 I2,09 ,627i .1264 .023i
•502 12.11 .6052 .1230 ,0221
,593 i2.i4 .6014 .i222 .0224
.803 12.22 ,5969 .1225 .0228

1.011 I2.30 .5882 .i216 ,0224

RUN 188

HIB ALPHA CL CD CPM

•I17 -l,9q .2919 .0391 -.0546

•149 -2.00 ,2744 .0398 -,0568
,198 -2,00 ,2553 ,0412 -,0578
,254 -I.g9 .2525 .0414 -.0563
,287 -i,99 ,2443 ,0428 -.0583
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TABLE B2.- Continued

RUN 189

HIB ALPHA CL CD CPM

,136 ,08 ,3796 ,0446 -,0453
.145 ,08 ,3709 °0448 -.0469
.195 ,07 ,3500 .0460 -.0494
.255 .08 ,3364 .0469 -.0498
,313 ,09 ,3225 °0475 -°0504
.352 .I0 .3219 .0481 -,0504
,396 ,i0 ,3201 ,0481 -,0500
,413 ,II .3190 ,0490 -.0494

RUN 190

HIB ALPHA CL CD CPH

.147 2.02 ,4534 ,0529 -.0394

.158 2.01 .4455 .0539 -.0409

.194 2,01 .4348 ,0542 -,0420

.250 2.0I o4116 ,0556 -°0443
,302 2,03 .4026 .0561 -.0431
,351 2,03 .3945 ,0569 -,0439
,399 2,04 ,3818 ,0573 --,0446
• 501 2.08 .3820 .0573 -,0428
.532 2.09 .3822 .0575 -.0430

RUN 191

H/B ALPHA CL CD CPM

.158 4.03 .5339 .0668 -.0347

,193 4.02 .5167 .0678 -°0407
°242 4,01 .4932 .0683 -.0417
,300 4,03 ,4808 ,0690 -.0417
,351 4,04 ,4693 ,0697 -,0416
,400 4.06 .4626 .0693 -,0419
.495 4.06 .4563 ,0699 -,0408
,592 4,08 ,4479 ,0702 -°0398
•655 4.1L .4496 .0702 -.0393
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TABLE B2.- Continued

RUN lq2

HIB ALPHA CL CD CPM

•171 6.06 ,5970 .0853 -.0271
.lqq 6.05 ,5827 °08%8 -,03%1
,247 6.05 ,5673 ,0860 -,0379
• Zg7 6,06 .5580 ,0867 -.0398
•352 6,07 ,5%99 .0870 -.0400
.&03 6,0q .5466 .0870 -,0387
•50Z 6.11 .5385 ,0873 -.0391
.591 6,12 .5308 .0877 -,0385
.782 6.1g .5Z37 .088Z -.0385

RUN lq3

HI8 ALPHA CL CO CPM

,205 7,98 .6528 .I087 -.0198
.247 7,q8 ,6390 .1072 -.0267
.302 7.97 ,6270 .1079 -.0317
.349 7,98 ,6076 ,I070 -,03&7
,403 8.00 .6097 .1079 -,0334
,498 8,01 ,5968 .108% -,0348
,605 8,04 ,5895 ,i081 -.0339
,798 8,11 .5834 .1085 -.0335
•902 8.14 ,5802 ,I081 -,0344

RUN 194

H/B ALPHA CL CD CPM

•233 I0,00 .7065 ,1378 -,0076
,253 I0,00 ,6928 .1358 -,0121
.299 I0.00 .6869 .1358 -.0153
.354 i0 01 ,6750 ,1344 -,0187
,40Z i0,01 ,6583 ,1326 -,0215
•501 I0,03 .6546 .1329 -.0222
•600 i0.07 .651q ,1330 -.0228
,816 I0,1% ,6493 ,1337 -.0222
,988 10,20 .6346 .1331 -,0247
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TABLE B2.- Concluded

RUN 195

HIB ALPHA CL CD CPM

•261 12,06 ,7677 ,1754 ,0055
.304 12,05 ,7508 .1720 -,0018
,357 12,05 ,7357 ,1702 -,0066
.397 12,07 ,7371 ,1710 -,0057
,506 12.09 ,7282 .1703 -.0093
,594 12,I0 ,7186 ,1692 -,0111
,799 12,19 ,7118 .1699 -.0117
.997 12,27 ,7104 ,1703 -,0107
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TABLE B3.- TABULATED INTERPOLATED DATA FOR CONFIGURATION IN-GROUND EFFECT

RUN 700

HIB ALPI CLI CDI CMI

•150 0.00 .0896 ,0212 .0215
•200 0.00 ,0833 ,0214 ,0189
,250 0,00 ,0809 ,0213 ,0178

RUN 701

HIB ALPI CLI CDI CMI

•150 2,00 ,1953 .0246 ,0248
•200 2,00 ,1725 ,0244 .0227
•250 2.00 ,1661 ,0241 ,0207
•300 2,00 ,1530 ,0241 ,0198
•350 2,00 .1460 ,0245 ,0200
•400 2.00 .1427 .0245 .0203

RUN 702

HIB ALPI CLI CDI CMI

•200 4,00 .2609 .0305 .0243
,250 4,00 ,240g ,0301 ,0236
•300 4,00 ,2306 .0299 ,0228
• 350 4,00 ,2260 ,0297 ,0247
,400 4,00 ,2230 ,0292 ,0237
•500 4,00 .2132 .0297 ,0239

RUN 703

HIB ALPI CLI CDI CMI

,200 6,00 ,3537 ,041g ,0257
• 250 6.00 ,3276 ,0404 .0263
,300 6,00 ,3119 ,0389 ,0263
•350 6,00 ,2987 .0390 ,0264
•400 6,00 ,2994 ,0388 ,0273
• 500 6,00 ,2841 ,0381 ,0270
•600 6,00 .2832 ,0378 ,0268
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TABLE B3.- Continued

RUN 704

HIB ALP[ CLI CD[ CM[

.250 8.00 .4230 .0574 .0251

.300 8.00 .4031 .0556 .0262

.350 8,00 ,3884 ,0539 ,0269
•400 8,00 ,3770 ,0530 .0270
,500 8.00 ,3627 .0519 ,0289
,600 8,00 ,3545 ,0517 ,0296
.700 8.00 .3505 .0512 .0298

RUN 705

HIB ALPI CLI CDI CMI

.250 i0,00 .5080 .0820 .0298
•300 I0.00 .4899 .0787 .0305
.350 I0.00 .4702 .0762 .0294
•400 I0,00 ,4609 .0745 ,0292
.500 I0,00 ,4392 ,0725 ,0302

,600 IO,O0 .4307 .0712 .030i
•700 i0.00 .4292 .0710 .0308
.800 I0.00 .4279 .0715 .0317
.gO0 I0.00 .4248 ,0712 ,0316

RUN 706

HIB ALPI CLI CDI CMI

.300 12.00 .5688 .II02 .0372
•350 I2,00 .5520 .i07i .0368
.600 12.00 .5654 .I055 .0375
•500 12,00 ,5263 ,I023 ,0375
•600 12,00 .5194 .i005 .0387
•700 12.00 .5088 .0986 ,0380
.800 12,00 ,4969 ,0972 ,0367
,900 12,00 ,4941 .0968 .0367
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TABLE B3.- Continued

RUN 707

H/B ALPI CLI CDI CMI

,150 0,00 ,2971 ,0337 -,0302
•Z00 0.00 ,2775 .0335 -.0311
•250 0,00 ,2619 ,03%2 -,0324

RUN 708

HIB ALPI CLI CDI CMI

•150 2,00 .3894 .0405 -,0236
,200 2,00 .3627 .0411 -,0252
.250 2.00 .3505 .0&13 -.0250
•300 2.00 °3398 ,0413 -,0268
,350 2,00 ,3275 ,0419 -,0261

RUN 709

H/B ALPI CLI CDI CMI

,200 4,00 ,4497 ,0519 -,0237
•250 _,00 ._322 ,0516 -.0236
•300 4,00 ._205 ,0517 -.0239
•350 4,00 ,_056 ,0516 -.0237
•400 4,00 .3972 .0516 -.0229
°500 4.00 .3942 .0519 -.0213

RUN 710

HIB ALPI CLI CDI CMI

• 200 6.00 .5382 .0687 -.0209
.250 6.00 .5225 .0683 -,0221
• 300 6,00 ,5025 .0675 -.0227
• 350 6.00 ._882 .0671 -,0227
.%00 6.00 .4797 .0670 -.0220
.500 6.00 .4701 .0669 -.0206
.600 6.00 .4656 ,0667 -.0196
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TABLE B3.- Continued

RUN 711

H/B ALPI CLI CDI CMI

.250 8.00 .5995 .0900 -.0156
,300 8,00 .5885 ,0892 -,0179
•350 8,00 ,5709 .0881 -,0182
.400 8.00 ,5661 ,0879 -,0178
,500 8,00 ,5472 ,0869 -,019b
,600 8.00 .5303 .0859 -,0213

.700 8.00 .5223 .0854 -,0216

RUN 712

HIB ALPI CLI CDI CMI

•250 I0.00 .6819 .1210 -.0030
,300 I0.00 ,6584 .ii70 -,007I
•350 i0,00 ,6419 .1147 -.0102
•400 i0,00 ,b347 ,i141 -,0094
.500 I0,00 ob249 ,1129 -,0091
•b00 i0.00 .6172 .1120 -.0096
.700 10.00 .6139 ,1117 -,0094
,800 i0,00 ,611b ,I120 -,0092
,900 I0.00 .b087 .1118 -.0093

RUN 713

HI8 ALPI CLI COI CMI

,300 12,00 ,7322 ,1536 ,0071
•350 12.00 ,7177 .1508 .0039
,400 12,00 ,7083 ,1491 ,0026
•500 12.00 ,6954 .1467 .0015
•600 12,00 .6890 .1454 .0015
,700 12,00 ,6867 .1452 ,0015
•800 12,00 ,6836 ,1454 .0013
,900 12.00 .6789 ,1446 ,0009

1,000 12,00 ,6717 ,1432 ,0004
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TABLE B3.- Continued

RUN 714

H/B ALPI CLI CDI CMI

.150 0.00 ,3674 ,0448 -,0470
,200 0.00 .3454 .0459 -.0498
,250 0.00 .3342 ,0466 -,0501

RUN 715

HIB ALPI eLI CDI CMI

,150 2.00 .4515 .0529 --.0396
•200 2.00 .4316 .0544 -,0423
.250 2,00 .4113 .0556 -,0443
•300 2,00 ,4017 .0559 -.0432

•350 2.00 .3937 .0567 -,0440
,400 2,00 .3802 ,0571 -.0447

RUN 716

HIB ALPI CLI CDI CMI

.200 4,00 .5123 .0677 -.0413
,250 4,00 .4902 .0683 -,0417
,300 4.00 .4796 .0688 -.0417
,350 4,00 ,4680 .0694 -,0416
•400 4,00 ,4602 ,0688 -.0419
.500 4.00 .4536 .0695 -°0408

RUN 717

HIB ALPI CLI CDI CMI

•200 6.00 .5806 .0844 -.0346
•250 6,00 ,5650 ,0856 -.0382
.300 6.00 .5555 .0862 -.0400
• 350 6.00 .5474 .0863 -.0402
• 400 6.00 .5435 .0862 -.0389
•500 6,00 ,5345 ,0862 -,0393
.600 6.00 .5259 .0865 -.0386
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TABLE B3.- Continued

RUN 718

H/B ALPI CLI CDI CM[

.250 8.00 .6389 .i074 -.0270
• 300 8,00 ,6282 o1082 ,0314
,350 8,00 .6189 ,I083 ,0329
.400 8.00 .6101 .1079 .0333
,500 8,00 ,5964 ,I084 ,0348
•600 8,00 ,5887 ,I077 ,0341
.700 8,00 .5837 ,i074 ,0336

RUN 719

HIB ALPI CLI CDI CMI

,300 I0,00 ,6868 .1358 -.0154
,350 I0,00 .6759 .1344 -.0185
.400 I0,00 .6648 ,1331 -.0208
•500 i0.00 .6538 .1325 -.0224
.600 I0,00 ,6497 .13Z0 -.0232
•700 i0,00 ,6482 ,1318 -,0230
•800 I0,00 .6454 .1320 -,0229
•900 I0,00 .6385 ,1314 -.0239

RUN 720

HIB ALPI Ctl CDI CMI

,300 12,00 ,7504 ,171Z -,0017
,350 12,00 .7357 .1693 -.0065
.400 12.00 .7285 .1687 --.0087
.500 12.00 ,7250 .1684 -.0098
,600 12,00 ,7145 ,1670 -,0119
.700 12.00 ,7084 .1663 -,0128
.800 12,00 ,7061 ,1666 -,0127
.900 12,00 .7035 .1661 -.0126
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TABLE B3.- Continued

RUN 728

H/B ALPI CLI CDI CMI

,150 0,00 ,1964 ,0252 -,0037
•200 0.00 .1766 .0250 -.0051
•250 0,00 .1688 ,0248 -.0058

RUN 72q

HIB ALPI CLI CDI CMI

*150 2.00 .2910 .0301 .0017
,200 2,00 ,2646 ,0299 -,0011
,250 2.00 .2513 .0300 -,0022
,300 Z,00 ,2464 ,0301 -,0016
,350 2,00 ,2403 ,0301 --.0020
.400 2,00 .234% .0301 --.0024

RUN 730

HIB ALP[ CLI CDI CM[

•200 4°00 .3535 .0384 ,0029
,250 4,00 ,3367 ,037q ,0017
,300 4,00 ,3232 ,0382 ,0025
•350 4.00 .3155 .0381 .0032
,400 4,00 .3095 ,0377 ,0029
,500 4,00 .3002 ,0380 .0036

RUN 731

H/B ALPI CLI CDI CMI

.200 6,00 ,447q ,0536 ,0030
•2_0 6,00 .4225 .0_19 .0028
•300 6,00 ,4069 ,0508 ,0049
•350 6,00 ,3975 ,0506 ,0040
,400 6,00 ,3883 .0504 .0046
,500 6.00 .3763 ,0500 .0047
.600 6,00 ,3672 ,0497 ,0046
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TABLE B3.- Continued

RUN 732

HIB ALPI CLI CDI CMI

,250 8.00 .5123 .0716 ,0065
,300 8,00 ,4928 .0699 ,0050
,350 8.00 ,4803 .0689 ,0051
,400 8,00 .4677 ,0679 ,0048
,500 8.00 ,4566 .0670 ,0066
•600 8,00 ,4499 ,0664 ,0081
.700 8,00 ,4428 ,0659 ,0082

RUN 733

H/B ALPI CLI CDI CMI

,250 I0,00 ,5916 ,0996 ,0149
,300 10.00 ,5630 .0948 .0116
•B50 I0o00 .5496 °0927 .010g
,400 I0.00 .5440 ,0919 ,0113
,500 I0,00 ,5320 .0901 .0111
,600 I0,00 °5238 ,0892 ,0115
,700 I0,00 .5185 ,0888 .0117

RUN 734

HIB ALPI CLI CDI CMI

,300 12,00 ,6477 ,1298 ,0234
.350 12.00 .6341 ,1270 ,0228
.400 12.00 ,6241 .1249 ,02Z5
,500 12.00 ,6072 ,1215 ,0217
•600 12,00 ,5957 ,I197 .0214
.700 12.00 .5875 ,1184 ,0212
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TABLE B3.- Continued

RUN 742

HIB ALPI CLI CDI CMI

•I50 0,00 ,280? ,0339 -,0211
,200 0,00 ,2658 ,0341 -,0209
,250 0.00 .2537 ,0338 -,0188

RUN 743

H/B ALPI CLI CDI CMI

.150 2,00 .3811 ,0408 -,0240
•200 2.00 .3544 ,0407 --.0228
.250 2.00 .3330 ,0411 -,0219
,300 2.00 ,3242 ,0412 -.0197
,350 2,00 ,312g .0415 -,0184
,400 2,00 ,3076 ,0417 -.0174

RUN 744

HSB ALPI CLI CDI CMI

.200 4.00 ,4374 .0521 -,0278
,250 4,00 ,4153 .0519 -,0238
•300 4.00 ,4005 ,051g --.0206
•350 4,00 ,387q .0516 -,0185
,400 4,00 ,3821 ,0519 -,0165
•500 4,00 .3739 .0518 -,0149

RUN 745

HIB ALPI CLI CDI CMI

•200 6,00 ,5313 ,0692 -,0319
,250 6.00 .5128 ,0684 -.0274
,300 6.00 ,485I ,0678 -,0247
,350 6.00 .4709 .066g --.0223
.400 6.00 ,4616 .0666 -,0188

.500 6,00 .4469 ,0662 -,0167
,600 6,00 ,4474 ,0664 -o0129
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TABLE B3.- Continued

RUN 746

HI8 ALPI CLI CDI CMI

•250 8,00 .5853 ,0902 -.0254
.300 8.00 .5700 .0890 -,0194
,350 8,00 ,5513 ,0878 -,0172
•400 8.00 .5422 .0872 -.0157
•500 8.00 .5318 .0865 -.0125
.600 8,00 ._240 ,0859 -,0100

RUN 747

H/B ALPI CLI CDI CMI

•250 IO.O0 .6704 .1211 -.0228
•300 I0,00 ,6450 ,i176 -,0171
•350 I0.00 .6231 .1146 -.01%4
.400 I0.00 ,6090 ,i127 -,0116
.500 I0.00 ,5968 .ii13 -,0066
•600 I0.00 .58g0 .1105 -.0048
.700 I0,00 .5837 .1100 -,0038
•800 I0.00 ,5799 .I094 -.0032
.q00 I0.00 ,5769 .I092 -,0028

RUN 748

HIB ALPI ClI CDI CMI

.300 12.00 .7258 .1555 -.0147

.350 i2.00 ,7105 .1526 -.0080

.400 12,00 .6984 .1504 -.0039

.500 12.00 .6736 .1460 .0012

.600 12,00 .6626 .1440 .0040
•700 12.00 ,6552 ,1429 ,0056
.800 12,00 ,6481 ,1416 ,0056

88



APPENDIX B

TABLE B3.- Continued

RUN 749

HSB ALPI CLI CDI CMI

•150 0.00 .3013 ,0348 -.0410
,200 0,00 ,2763 ,0350 -°0402
,250 0,00 °2602 ,0358 -,0392

RUN 750

H/B ALPI CLI CDI CMI

,150 2,00 ,3965 ,0431 -.0463
•200 2,00 ,3613 ,0429 -,0433
•250 2,00 .3453 .0424 -,0404
,300 2,00 ,3331 ,0427 -,0393
•350 2,00 ,3195 .0426 -,0383
,400 2,00 ,3177 ,0430 -,0365

RUN 75 1

H/B ALPI CLI CDI CMI

•200 4,00 ,4527 ,0548 -,0491
,250 4,00 ,4376 ,0538 -.0436
•300 4,00 ,4173 .0532 -.0395
.350 4.00 ,4053 .0528 -,037b
,400 4,00 ,3967 ,0528 -,0366
•500 4,00 .3822 .0533 -.0344

RUN 752

HIB ALPI CLI CDI CMI

•Z00 6.00 .5503 .0736 -.0560
,250 6,00 ,5267 ,0723 -,0497
.300 6,00 ,5037 .0708 -.0452
.350 6,00 .4866 .0699 -,0417
.400 6.00 .4783 ,0693 -.0385
•500 6,00 ,4598 ,0682 -,0353
•600 6,00 .4474 °0676 -,0336
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TABLE B3.- Continued

RUN 753

HIB ALP[ CLI CD[ CMI

•250 8.00 .6051 .0qsg -.0500
,300 8.00 ,5862 ,0933 -,0437
,350 8,00 ,5724 ,0916 -.0373
•400 8.00 .5625 .0gI2 -.0339
.500 8,00 .5471 °0892 -,0313
•600 8,00 ,5358 ,0877 -,0298
.700 8.00 .5290 .0872 -.0286

RUN 754

HIB ALPI CLI CDI CMI

,250 I0,00 .6912 .1292 -.0522
•300 I0,00 ,6624 ,1236 -,0417
.350 I0,00 ,6483 .1209 -,0337
.400 i0.00 .6308 .I181 -.0304
.500 I0,00 ,6196 ,I157 -.0255
,600 i0,00 ,6047 .1137 -,0251
.700 I0.00 .5956 .1125 -,0242

RUN 755

HIB ALPl CLI CDI CMI

,300 12,00 .743q .1630 -.0415
,350 12,00 ,7270 ,1587 -,0317
.400 12.00 .7058 ,1545 -.0267
,500 12.00 .6837 .1497 -.0202
•600 12.00 .6775 .1480 -.0171
,700 12,00 o6694 ,1464 -,0156
.800 12,00 .6616 .1455 -,0145
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TABLE B3.- Continued

RUN 756

HIB ALP[ CLI CDI CMI

• 150 0.00 .2470 .0402 .0120
,ZOO 0,00 ,2273 ,0409 ,0130
•250 0.00 .2132 .0412 .0138

RUN 757

HIB ALPI CLI CDI CMI

• 150 2.00 .3447 .0456 .0075
• 200 2.00 .3124 ,0461 .0082
•250 2.00 .2928 .0467 .0107
,300 2,00 .2871 ,0463 o0126
.350 2.00 ,2770 .0468 ,0142
,400 2,00 ,2704 ,0472 ,0146

RUN 758

H/B ALPI CLI CDI CMI

• 200 4.00 .4063 .0554 .0035
,250 4.00 .3824 ,0554 .0078
• 300 4.00 .3740 .0555 .0109
.350 4.00 .3568 .0558 .0126
.400 4.00 .3482 .0554 ,0151
•500 4,00 ,3321 .0561 .0173

RUN 75q

HIB ALPI CLI CDI CMI

•200 6,00 ,4968 ,0707 -,0016
•250 6.00 .4787 .0703 ,0011
,300 6,00 ,4558 .0697 .0057
•350 6.00 .4421 .0694 .0091
,400 6.00 .4344 .0695 .0125
.500 6.00 .4205 ,0693 ,0162
•600 6,00 .6094 .0687 .0172
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TABLE B3.- Continued

RUN 760

HIB ALPI CLI ¢DI CMI

•250 B,00 ,5596 .0907 .0050
.300 8.00 .5343 .0894 .0087
,350 8.00 .5188 .0886 .0118
•400 8.00 .504q .0878 .0147
.500 8.00 .4945 .0874 .0185
.600 8.00 .4829 ,0869 o0204
,700 8,00 .4765 .0868 .0219

RUN 761

H/B ALPI CLI CDI CMI

,250 I0,00 ,6416 ,1205 .0071
.300 10.00 .6132 ,I168 ,0116
,350 I0.00 .5923 .1144 .0161
.400 I0,00 .5794 .1128 .0197
.500 I0.00 .5674 .ii16 .0246
.600 I0.00 .5584 ,II07 ,0269
•700 I0.00 .5499 .I098 ,0Z76
,800 I0,00 .5433 ,I094 .0278

RUN 762

HIB ALPI CLI CDI CMI

.300 12.00 .6970 ,1527 ,0140

.350 12,00 ,6780 ,1497 .0208

.400 12.00 .6547 .1464 .0247
•500 12.00 .6377 .1440 .0319
.600 12.00 .6237 .1418 ,0351
,700 12.00 .6138 .140Z .0365
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TABLE B3.- Continued

RUN 763

HSB ALPI CLI CDI CMI

•150 0,00 ,2239 ,0522 .0422
•200 0.00 .2074 .0523 .0416
.250 0,00 ,i958 .0525 .0420

RUN 764

HIB ALPI CLI CDI CMI

,150 2.00 ,3207 ,0562 ,0400
•200 2.00 .2947 .0564 ,0385

•250 2.00 .2766 .0570 ,0388
,300 2.00 ,2650 ,0576 .0405
•350 2,00 .2543 .0575 .0408
.400 2.00 .2458 .0574 .0409

RUN 765

HIB ALPI CLI CDI CMI

•200 4,00 .3843 .0644 .0336
• 250 4.00 .3590 ,0647 .0368
.300 4.00 .3442 .0651 .0397
•350 4,00 °3295 ,0649 .0407
,400 4.00 ,3251 ,0651 ,0428
•500 4,00 ,3125 .0655 .0438

RUN 766

HSB ALPI CLI CDI CMI

•200 6.00 ,4718 ,0777 ,0286
•250 6.00 .4475 .0780 .0307
.300 6.00 .4324 .0774 ,0346
•350 6.00 .4161 .0777 ,0372
.400 6.00 .4064 .0776 .0392
.500 6.00 .3967 .0772 ,0414
•600 6,00 .3876 .0774 .0449

93



APPENDIXB

TABLE B3.- Concluded

RUN 767

H#B ALPI CLI CDI CMI

•250 8,00 ,5358 .0973 ,0344
•300 8.00 .5078 .0959 ,0371
,350 8,00 .4956 .0956 .0398
.400 8.00 .4874 .0955 .0445
.500 8.00 ,4742 .0951 .0464
,600 8,00 ,464I ,0946 ,0464
•700 8,00 °4572 .0963 .0670

RUN 768

HIB ALPI CLI CDI CMI

,250 i0,00 ,6156 ,1239 ,0375
.300 I0.00 .5874 .1210 ,0406
,350 I0,00 ,5687 .1196 ,0635
.600 i0.00 .5561 .1186 .0482
,500 I0.00 .5438 .i179 .0534
,600 i0,00 .5372 .i173 ,0550
,700 i0,00 ,5290 .1165 .0550

.800 I0.00 ,5209 ,i161 ,0546
,900 I0.00 e5152 .i156 ,0565

RUN 769

H/B ALPI CLI CDI CMI

.300 12,00 .6711 .1552 ,0646

.350 12.00 .6665 .151g .0677
•600 12.00 .6339 .1513 .0550
,500 12,00 .6166 ,1492 .0604
,600 12,00 ,5998 ,1669 .0620
.700 12,00 .5915 .1457 °0634
.800 12.00 .5868 .1657 .0666
,g00 12,00 .5837 .1655 .0652
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TABLE B4.- RUN SCHEDULEFOR CONFIGURATIONOUT-OF-GROUNDEFFECT

[From ref. 2]

_f, deg Center-line Horizontal-tail
6Ze, vertical incidence,Run

deg _tI _t3 _t5 tail deg

105 30 0 0 0 O£f O_f
119 10 10 10
! 22 20 20 20
120 30 30 20

123 2.0 20 20 On 0

124 10

125 ! -1 0
126 r I r _ ,r -20
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TABULATEDFOR CONFIGURATIONOUT-OF-GROUNDEFFECT

[From ref. 2]

RUN 105

ALPHA CL C0 CPM

-9.85 -,3532 .0750 -.0134
-8.98 -.3175 ,0652 -.0086
-7,89 -,2731 ,0549 -.O04b
-6.85 -.2141 ,0447 ,0010
-5,89 -,1693 .0380 .0028
-%,85 -,1298 ,0324 ,0047
-3,88 -,0998 ,0286 ,0065
-2,82 -.0410 .0249 ,0088
-1.80 -,0062 ,0223 .0102
-,69 ,0447 .0213 ,0116
,31 .0802 .0217 ,013Q

1.31 ,1339 ,0219 ,0155
2.31 ,1619 ,0236 o0178
3.31 .1972 ,0265 o0197
4.34 .2360 °0296 ,0230
5,41 ,2728 ,0334 ,0244
6,43 .3072 ,0387 ,026q
7,40 ,3380 .0450 .0283
8,42 ,3766 .0523 ,0305
9.44 .429q .0632 .0328
I0,%7 ,4623 ,0752 ,0338
12,59 ,5466 ,1072 ,0422
14.63 .6251 ,1%&5 .0521
16,70 ,7238 ,1951 ,0671

RUN 119

ALPHA CL CD CPM

-g,87 -,2817 ,0691 -.0362
-8,93 -,2389 ,0805 -,0309
-7,90 -,1912 .0514 -.0256
-6,89 -,1440 .043b -,0209
-5.72 -.1010 .0375 -,0178
-4.73 -.0569 .0333 -.0161
-3,78 -,0071 ,0298 -,0137
-2.71 .042% .0275 -,0122
-1.68 .0811 .0268 -.0113
-.68 .1070 .0272 -.OOg6

• 30 ,1512 ,0283 -,0074
1,42 ,1935 ,0301 -,0054
2.38 ,2294 ,0326 --,0038
3,38 ,2712 ,0365 -,0006
4,40 ,3001 ,0406 ,0002
5.35 ,3334 .0%59 ,0021
6.42 ,3753 ,0524 ,0044
7,37 ,4098 ,0585 ,0068
8,46 .4457 .0886 .0079
9,55 ,4911 ,0800 ,0119
I0,52 ,5196 .0919 .0151
12,61 ,6017 .1258 °0259
14.57 .6941 .1687 ,0369
16,69 ,7764 ,2195 .0548
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TABLE B5.- Continued

RUN 1ZO

ALPHA CL CD CPM

--9,86 --,1184 ,0686 -,0776
-8,79 -,0691 ,0612 -,0736
-7.69 -.0116 .0945 -°0688
-6,74 ,0232 ,0509 -,0662
-9.77 ,0632 ,0481 -,0639
-4,69 ,I186 ,0459 -,0605
-3.62 ,1599 ,0%53 -,0587
-2,61 ,1964 ,0462 -,0581
-1.93 ,2486 .0480 -.0551
-,59 ,2786 ,0507 -,0540
,49 ,3136 ,05%% -,0507

1,46 ,3947 .0980 -,0473
2,36 ,3801 ,0629 -,0462
3,3% ,4113 ,0682 -,0442
4.47 .4480 .0756 -.0422
5.61 .4997 ,0844 -.0408
6.60 .9270 .0926 -.0386
7.47 .5621 .I020 -.037%
8.46 .5966 .1132 -.0338
9.67 .6426 .1295 -.0272
10.56 .6634 .1424 -.0214
12.59 .7331 .1800 -.0083
14.70 .8084 .2249 .0044
16.69 .8961 .2828 .0292

RUN 122

ALPHA Cl CD CPM

-9.84 -.1982 .0671 -,0607
-8.83 -.1422 .0569 -.0947
-7.74 -.1069 .0510 -.0518
-6,77 -.0560 .0443 -,0475
-5.81 -.0162 .0408 -.0455
-4.69 .0362 .0370 -.0423
-3.77 .0752 .0354 -.0407
-2.62 .1273 .0346 -.0387
-1.61 .1734 .0352 -,0381

-.65 .2126 .0368 -,0354
.39 .2511 .0391 -.0329

1.29 ,2824 .0425 -.0310
2.41 .3242 .0468 -.0285
3.45 .3589 .0517 -.0267
4.36 .3904 .0576 -.0254
5.53 .4399 .0651 -.0229
6.50 .4708 .0726 -.0219
7.44 .9103 .0822 -.0201
8.55 .5452 .0932 -.0172
9.53 .5766 .I091 -.0140

10.99 ,6231 .1214 -.0036
12.98 .6909 .1570 .0044
14.56 .7664 .2001 .0187
16.68 .8582 ,2969 .0377
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TABLE B5.- Continued

RUN 123

ALPHA CL CD CPM

-q.77 -,2156 ,0704 -,0377
-8.83 -,1640 .0607 -.0324
-7.76 -.1160 .0528 -.0311
-6.71 -.0750 ,0469 -,0282
-5.85 -.0303 ,0425 -,027g
-4.73 .0248 .0384 -.0247
-3,67 ,0660 .0361 -.0240
-2.67 ,i150 .0354 -,0232
-1.76 ,1521 ,0355 -.0226

-.72 .1975 ,0370 -.0224
.42 .2452 ,0394 -,0202

1,45 ,2745 .0432 -.018g
2o43 o3113 o0466 -o0168
3,37 o3382 ,0511 -,0154
4.35 .3789 .0566 -,0146
5.42 .4193 .0634 -.0126
6.47 ,4563 ,0722 -,0115
7.51 .4984 .0815 -.0101
8.62 .5356 .092g -.0067
9.51 .5703 .i042 -.0039

I0.50 .5q64 .I172 -.0006
12.60 .6809 .1560 .0108
14.62 .76%1 .2019 .0223
16.64 .8579 .2575 .0368

RUN 124

ALPHA CL CD CPM

-9.67 -.1738 ,0638 -,0576
-8,8% -,1357 .0567 -,0553
-7.87 -.0910 ,0498 -,0527
-6.86 -.0571 .0451 -,0510
-5.81 ,0009 ,0400 -,0491
-4.68 .0563 .0364 -,0475
-3.63 ,0852 ,0357 -,0%64
-2.70 .1300 .0349 -.0460
--1.56 ,1773 .0363 -,0446

--.58 .2223 .0383 -.0436
.42 .2565 .0408 -.0419

1.45 ,2950 .0439 -,0394
2.32 .3297 .0481 -.0378
3.44 .3606 .0541 -,0363
%,49 .3960 ,0598 -,0352
5,49 .438% .0671 -.0336
6.52 .4727 .0757 -.0331
7.47 .5098 ,0850 -,0311
8,59 °5480 .0969 -,0285
9,46 .5806 ,1081 -,0250

I0,48 ,6185 ,1232 -,0199
12.55 .7002 .1620 -,0112
14.61 .7853 .2100 .0003
16.73 .8812 .2691 .0147

98



APPENDIX B

TABLE B5.- Concluded

RUN 125

ALPHA CL CD CPM

-qo91 --.2%46 ,0806 --,0019
-8,gl -.200g .0713 .0005
-7,88 -,1478 ,0617 .0032
-6.86 -,0989 ,0545 ,0047
-5,75 -,0619 .0497 ,0054
--4.77 -,0099 .0451 ,0071
--3.63 ,0373 .0415 ,0078
-2,71 ,0828 ,0404 ,0085
-1o70 ,1237 .0605 ,0090
-.72 ,1661 ,0410 ,0095
.40 °211Q ,0433 ,0120

1.39 ,2395 .0460 ,0122
2.37 .2812 .0489 .0133
3.75 ,3251 ,0554 ,015%
%.%8 ,357% .0592 .0161
5°48 ,3976 ,0654 ,0167
6.42 ,431% ,0721 .018%
7.41 .4701 ,0810 .OlqO
8.53 .5062 ,0916 ,0222
9,52 ,5427 .1032 ,0262

I0.5i .5853 .II82 .0335
12,47 ,6408 .1497 ,0391
14,61 .7372 .1978 .0533
16.58 .8272 .2500 .0657

RUN 126

ALPHA CL CD CPM

--q.86 -.2643 ,0960 ,0231
-8.84 -.2120 .0852 .0263
-7.78 -.1601 .0761 ,0298
-6.7Q -,1225 ,0695 ,0328
-5.89 -,0821 .0645 ,0337
-4,69 -,0244 ,0582 ,0358
-3.77 ,0085 ,0559 ,0355
-2.70 ,0537 .0540 .0362
-1.64 .I066 .0528 .0373
-,67 ,1408 ,0541 .0381
.34 .1911 .0545 ,0%02

1.27 ,205g ,056g ,0407
2,3g .2632 .0595 .0423
3.28 .2821 .0631 .0432
4,54 .3341 .0686 e0_42
5.39 .3625 .0734 .0438
6.41 .4015 .079g ,0457
7,45 .4367 ,0875 ,0471
8,51 .4811 .0980 .0491
9.46 .509Q .L080 .051g
10,58 ,5487 ,1220 ,0577
12.52 .6154 .I536 .0680

14,64 .7092 ,1981 ,0810
16,68 ,7853 ,2%72 .0887
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